PATENT ABSTRACTS OF JAPAN 



(1 1)Publication number : 2003-259490 
(43)Date of publication of application : 1 2.09.2003 



(51)lnt.CI. H04R 17/00 



A61B 8/00 



G01 N 29/24 



(21 )Application number : 2002- (71)Applicant : SCM KK 

052302 

(22)Date of filing : 27.02.2002 (72)lnventor : ICHINOSE NOBORU 

ENDO YASUTOSHI 

(54) ULTRASONIC TRANSDUCER 





1^: !z- ir| 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ultrasonic transducer at a low cost 
which can nnake the generated ultrasonic pulse short, make high power, and 
enhance distance resolution of various ultrasonic equipment using an ultrasonic 



echo method. 

SOLUTION: The ultrasonic transducer has a piezoelectric board having unifornn 
piezoelectric properties in the direction of the thickness and a board having an 
acoustic impedance like the piezoelectric board as the main constitution 
elements. On one side of the piezoelectric board, and external electrode film is 
formed, and the other side a board having an acoustic impedance like the 
piezoelectric board is jointed through an internal electrode film. Also, when an 
ultrasonic pulse emitted to an acoustic medium is indicated by a time base 
waveform, the thickness of the piezoelectric board is adjusted so that a time 
difference (t) between an ultrasonic pulse generated from one side of the 
piezoelectric board and an ultrasonic pulse generated from the other side has a 
relation of (1/4)&phiv;<T<(3/4)&phiv; for one wavelength period (&phiv;) of these 
pulses. 

LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's 
decision of rejection] 

[Kind of final disposal of application 
other than the examiner's decision of 
rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against 
examiner's decision of rejection] 



[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 

* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by connputer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] It is the ultrasonic transducer which uses as main components a piezo- 
electric plate and this piezo-electric plate with piezoelectric [ uniform in the 
thickness direction ], and the plate which has the same acoustic impedance. The 
external electrode layer is formed in one field of this piezo-electric plate, and the 
piezo-electric plate and the plate which has the same acoustic impedance are 
joined by the field of another side through the internal electrode film. And when 
the thickness of this piezo-electric plate shows the ultrasonic pulse emitted into a 
sound medium by the time amount wave The ultrasonic transducer characterized 
by being prepared so that the time difference (tau) of the ultrasonic pulse to 
generate and the ultrasonic pulse generated from the field of another side may 
be set to phi<=tau (1/4) <=(3/4) phi from one field of this piezo-electric plate to 
the time amount (phi) for one wave of these pulses. 

[Claim 2] The ultrasonic transducer according to claim 1 which is the plate with 
which the amount of [ of the opposite side of the field which a piezo-electric plate 
and the plate which has the same acoustic impedance join to a piezo-electric 
plate through an internal electrode ] edge surface part is porosity. 



[Claim 3] The ultrasonic transducer according to clainn 1 or 2 whose piezo- 
electric plate is a piezo-electric ceramic plate and this piezo-electric plate and 
whose plate which has the same acoustic impedance are ceramic plates. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ultrasonic transducer which 
used piezoelectric material. It is related with a high sensitivity ultrasonic 
transducer about the ultrasonic transducer especially using electrostrictive 
ceramics by the high resolution used by the ultrasonic echo method. Furthermore, 
it is related with the ultrasonic transducer which raises especially distance 
resolution. 
[0002] 

[Description of the Prior Art] By medical supersonic-wave devices, such as 
ultrasonic nondestructive inspection devices, such as underwater supersonic- 
wave devices, such as a fish detector and sonar, a supersonic detector, and an 
ultrasonic thickness meter, and an ultrasonic diagnostic equipment, an electrical 



signal is inputted into an ultrasonic transducer, an ultrasonic pulse is generated, 
and the ultrasonic echo method for detecting the reflected wave fronn the part 
from which the acoustic impedance which is made to spread this ultrasonic pulse 
in a sound medium, and exists in a medium differed is used widely. The acoustic 
impedance expresses the ease of carrying out of propagation of the acoustic 
wave in a medium here, and it has the value of a proper by the medium. Between 
the media by which acoustic impedances differ, reflection and transparency of an 
acoustic wave take place on the boundary. For example, if the acoustic 
impedance between two media is comparable, an acoustic wave is penetrated 
well and there are very few reflected waves. Conversely, if this difference is large, 
the reflected wave of a transmitted wave will increase very much few. The above- 
mentioned ultrasonic echo method used this. And in order for the distance 
resolution of the various above-mentioned ultrasonic devices to improve, it has 
been required that the time amount wave of this ultrasonic pulse should be 
shortened as much as possible, so that the time amount wave of the ultrasonic 
pulse generated to the ultrasonic transducer used here is short. 
[0003] Conventionally, generally as an ultrasonic transducer of this field, what 
stuck the backing material for absorption of sound (what distributed metal powder 
in organic adhesives) on one side of a piezo-electric ceramic plate has been 
used. In the transducer of such structure, if an electrical-potential-difference 
pulse is impressed in the thickness direction of a piezo-electric ceramic plate, an 
ultrasonic pulse will occur in two places, the front face and rear face of a piezo- 
electric ceramic plate, and it will spread bidirectionally, respectively. Therefore, 
serially, the ultrasonic pulse first generated on the front face is emitted into a 
medium. Subsequently, the ultrasonic pulse generated with the rear face is 
emitted into a medium. Then, the part will be reflected in the interface of a piezo- 
electric ceramic plate and backing material, and the ultrasonic pulse which 
generated on the front face and was spread in the direction of a rear face will 
also be emitted into a medium from a front face. The time amount wave of the 
ultrasonic pulse emitted to a medium from the front face of a piezo-electric 



ceramic plate as a result will form a long pulse train. The transducer of structure 
using the ceramic plate which has an acoustic impedance comparable as a 
piezo-electric ceramic plate in backing material is proposed in order to control the 
reflection which takes place on the boundary of a piezo-electric ceramic plate 
and backing material. Drawing 5 is drawing showing the structure of this 
ultrasonic transducer, the ceramic plate 2 of this presentation by which 
polarization is not carry out to one side of the piezo-electric ceramic plate 1 by 
which polarization was carried out, or a similar presentation is stick in the 
thickness direction in which the metal electrode film ( electrode) 6 was formed to 
both sides, using adhesives ( adhesives layer 8) through an electrode layer, and 
the backing material 7 for absorption of sound which consists of mixture of 
Araldite and tungsten powder is further form behind that. Drawing 6 shows the 
time amount wave of the ultrasonic pulse emitted to underwater [ which is a 
sound medium ] from the front face of the piezo-electric ceramic plate 1 , when 
the above-mentioned transducer is driven by the electrical-potential-difference 
pulse. The emitted ultrasonic pulse forms the long pulse train, and is understood 
that the reflex inhibition of the ultrasonic pulse in the boundary of the piezo- 
electric ceramic plate 1 and the ceramic plate 2 is imperfect. 
[0004] 

[Problem(s) to be Solved by the Invention] Two causes in which the time amount 
wave of the ultrasonic pulse emitted to the sound medium from the transducer of 
the above-mentioned structure forms a long pulse train exist. The ceramic plate 2 
of this presentation by which polarization of one of them is not carried out to the 
piezo-electric ceramic plate 1 which constitutes a transducer, or a similar 
presentation is because these ceramics is joined using the adhesives of a 
sharply different organic system of an acoustic impedance. That is, it is because 
the supersonic wave generated with the piezo-electric ceramic plate is reflected 
in an adhesives layer. Although it is also possible to make thickness of an 
adhesives layer very thin and to mitigate reflection, it becomes difficult to 
maintain bond strength practical in this case. 



[0005] The second cause is for time difference to arise between two pulses, 
when the ultrasonic pulse generated on the front face of a piezo-electric ceramic 
plate and the ultrasonic pulse generated with the rear face are emitted to a sound 
medium. This invention offers an ultrasonic transducer with high distance 
resolution by solving the problem which a supersonic wave reflects by the joint 
with the ceramic plate 2 in which the piezo-electric ceramic plate 1 and 
piezoelectric are not shown, and shortening the time difference at the time of two 
ultrasonic pulses further generated separately with the front face and rear face of 
a piezo-electric ceramic plate being emitted to a sound medium. 
[0006] 

[Means for Solving the Problem] This invention is an ultrasonic transducer which 
uses as main components a piezo-electric plate and this piezo-electric plate with 
piezoelectric [ uniform in the thickness direction ], and the plate which has the 
same acoustic impedance. The external electrode layer is formed in one field of 
this piezo-electric plate, and the piezo-electric plate and the plate which has the 
same acoustic impedance are joined by the field of another side through the 
internal electrode film. And when the thickness of this piezo-electric plate 
displays the ultrasonic pulse emitted into a sound medium by the time amount 
wave So that the time difference (tau) of the ultrasonic pulse to generate and the 
ultrasonic pulse generated from the field of another side may be set to phi<=tau 
(1/4) <=(3/4) phi from one field of this piezo-electric plate to the time amount (phi) 
for one wave of these pulses Let the ultrasonic transducer characterized by being 
prepared be a summary. In addition, it is the acoustic velocity v and board 
thickness 11 in tau and a piezo-electric plate here. In between, it is following the 
(1) type tau= 11/v. Since the relation of (1) is materialized and v is decided by the 
presentation of electrostrictive ceramics, tau is proportional to the board 
thickness, if the piezoelectric material to be used is decided. Moreover, phi is 
called for about each piezoelectric material by measurement of a time amount 
wave of an ultrasonic pulse. Moreover, this invention makes a summary the 
ultrasonic transducer which is the plate with which the amount of [ of the opposite 



side of the field wliich a piezo-electric plate and the plate which has the same 
acoustic impedance join to a piezo-electric plate through an internal electrode ] 
edge surface part is porosity in said invention. 

[0007] Moreover, this invention makes a summary the ultrasonic transducer 
whose piezo-electric plate is a piezo-electric ceramic plate and this piezo-electric 
plate and whose plate which has the same acoustic impedance are also ceramic 
plates in said invention. 
[0008] 

[Embodiment of the Invention] The ultrasonic transducer of this invention is 
explained concretely below. As an ingredient of a piezo-electric plate, any are 
sufficient as a composite material organic [ of an inorganic system / the single 
crystal, the ceramics, the organic system polymeric materials or organic ], and 
inorganic etc. Moreover, although any are sufficient as a composite material 
organic [ of an inorganic system / the single crystal the ceramics, the organic 
system polymeric materials or organic ], and inorganic etc. as the ingredient, 
what consists of the ingredient, this presentation, or a similar presentation of a 
piezo-electric plate is [ that what is necessary is just to resemble extent which 
does not reflect an ultrasonic pulse substantially although a piezo-electric plate 
and the plate which has the same acoustic impedance have a desirable thing 
with the same impedance as a piezo-electric plate ] desirable. 
[0009] The thing using piezoelectric ceramics as an ingredient of a piezo-electric 
plate is explained to an example below. Drawing 1 is the sectional side elevation 
showing the structure of the ultrasonic transducer using the piezoelectric 
ceramics by this invention. One is a piezo-electric ceramic plate all over drawing, 
and 2 is the piezo-electric ceramic plate 1 and a ceramic plate which has the 
same acoustic impedance. And 1 and 2 are joined without adhesives through the 
thin electrode layer (internal electrode) 4 by extent which does not reflect an 
ultrasonic pulse. Thereby, both can regard it as a continuum without a joint 
acoustically. 3 is the metal-electrode film (external electrode) formed in the front 
face of the piezo-electric ceramic plate 1, and 5 is the electrode lead and terminal 



which were taken out from now on. Moreover, 5' is the electrode lead and 
terminal which were picked out fronn the internal electrode 4. 
[0010] Here, as for this cerannic plate 2, it is desirable that the annount of [ of the 
opposite side of a plane of connposition with an internal electrode 4 ] edge 
surface part has a vesicular structure. Moreover, although it is not necessary to 
attach the backing nnaterial for absorption of sound to the opposite side of a 
plane of connposition with the internal electrode 4 of the cerannic plate 2 in this 
invention, this nnay be used on the occasion of nnanufacture of a transducer. The 
manufacture approach of the transducer of this invention accumulates and sticks 
by pressure what carried out printing spreading of the metal paste to the green 
sheet and this green sheet of the ceramics used for manufacture of a stacked 
type ceramic condenser etc., and can manufacture it by the approach of 
calcinating this. It is manufactured through the process which accumulates the 
making process of ceramic powder, the process which produces a green sheet 
from these ceramic powder, the process which prints a metal paste on the front 
face of a desired green sheet, and these green sheets so that it may become the 
transducer which has predetermined structure, sticks them by pressure, and 
makes them a layered product, the process which calcinate the layered product 
of the obtained green sheet, the process which form an external electrode in a 
piezo-electric ceramic plate, the process which polarize a piezo-electric ceramic 
plate. In addition, the piezo-electric ceramic plate 1 is obtained by polarizing, 
after calcinating the layered product of the green sheet which consists of ceramic 
powder of a presentation in which piezoelectric is shown. The piezo-electric 
ceramic plate 1 and the ceramic plate 2 which has the same acoustic impedance 
are obtained by calcinating the layered product which carried out the combination 
laminating of the green sheet which consists of ceramic powder of a presentation 
in which piezoelectric [ of the piezo-electric ceramic plate 1, this presentation, or 
a similar presentation ] is shown, and the green sheet which consists of ceramic 
powder of a presentation in which piezoelectric is not shown suitably. Anyway, it 
has the same acoustic impedance as the piezo-electric ceramic plate 1. What is 



necessary is just to use the green sheet which has many through tubes for the 
location of arbitration as a green sheet of the part which should be made porosity 
among the green sheets which form the ceramic plate 2 for making a part of this 
ceramic plate 2 into porosity. The thing in which a resin bead which produces a 
cavity after calcinating in a ceramic green sheet to others was made to mix may 
be used. 

[001 1] Next, the manufacture approach of the transducer which has the structure 
of this invention using drawing 2 is described. 11 in drawing is a green sheet 
which consists of ceramic powder of a presentation in which piezoelectric is 
shown, and it is the green sheet which consists of ceramic powder of a 
presentation that 12 is the same as that of 1 1, or similar, and 15 is a green sheet 
with which printing spreading of the metal paste 14 which forms an internal 
electrode on the same green sheet as 12 is carried out. Since a supersonic wave 
will be reflected with this electrode surface at this time if the electrode thickness 
after baking is too thick, printing spreading is carried out so that it may become 
the thickness of extent which does not reflect a supersonic wave. 13 is the green 
sheet which prepared many small through tubes in the green sheet of 12. These 
green sheets are accumulated like illustration and stuck by pressure. And this 
layered product is calcinated and the transducer which has the structure of this 
invention by printing-applying for example, a metal paste to the end face of the 
piezo-electric ceramic plate obtained by baking, calcinating it to it, and 
subsequently forming an external electrode in it is obtained. 
[0012] In addition, although an external electrode can be formed by various 
approaches in addition to this, it can also calcinate and form a metal paste at 
baking and coincidence of a layered product using the sheet which carried out 
printing spreading on the green sheet of the ceramic powder in which 
piezoelectric is shown beforehand. Thus, in the transducer which has the 
structure of obtained this invention, the direct-current high voltage is impressed 
between an electrode terminal 5 and 5', and a piezo-electric ceramic plate is 
polarized. The direction of Polarization P may be a direction contrary to this also 



in the direction of illustration. Between an electrode terminal 5 and 5', an 
ultrasonic pulse innpresses an electrical-potential-difference pulse, and is 
generated. Although an ultrasonic pulse is generated with the front face (field 
with an external electrode) and rear face (field with an internal electrode) of the 
piezo-electric cerannic plate 1 and being spread towards both directions, 
respectively, incidence of the ultrasonic pulse which generates on a front face 
and is spread towards the interior of a transducer is carried out to the cerannic 
plate 2 which passes this and has the same acoustic impedance, without being 
reflected with an internal electrode 4, and it advances toward the end face of the 
opposite side. And since this ultrasonic pulse repeats dispersion and is 
extinguished in the hole of a large number which exist near the end face in a 
ceramic plate, it is not emitted from the front face of a transducer. As shown by 
the time amount wave of drawing 7 , there are what is directly emitted from the 
front face of the piezo-electric ceramic plate 1 (a), and a thing (b) emitted from a 
front face after generating with the rear face and spreading the piezo-electric 
ceramic plate 1 in the ultrasonic pulse emitted into a sound medium from a 
transducer front face. These have the relation of an opposite phase mutually, and 
(b) will be emitted into a sound medium with the delay of the time amount tau 
which passes a piezo-electric ceramic plate from (a). Since the thickness of the 
piezo-electric ceramic plate 1 is prepared so that this time difference tau may be 
set to phi<=tau (1/4) <=(3/4) phi to the time amount phi for one wave of an 
ultrasonic pulse in this invention. As shown in drawing 4 , the electronegative 
section of the pulse of (a) and the electronegative section of the pulse of (b) can 
be superimposed, the time amount wave of the ultrasonic pulse emitted into a 
sound medium from this transducer is formed into a short pulse, and the 
amplitude also becomes large. Consequently, if this ultrasonic transducer is used, 
the ultrasonic pulse without the multiple echo in a boundary with the ceramic 
plate 2 which has the piezo-electric ceramic plate 1 and the same acoustic 
impedance as this formed into the short pulse will be acquired, and high 
sensitivity-ization will also be realized by coincidence. 



[0013] 

[Example] In the ingredient in which <prelinninary experinnent> piezoelectric is 
shown, it is 0.5Pb(nickel1/3Nb 2/3) 03 and 0.5Pb(ZrO,7Ti0.3) 03. The cerannic 
powder which consists of a presentation was used. The acrylic resin 5 weight 
section and the organic solvent 20 weight section which used the terpineol as the 
principal connponent were nnixed to this cerannic powder 100 weight section, the 
cerannic slurry was obtained, and it dried after casting this on a PET filnn, and 
considered as the cerannic green sheet. The platinunn paste which turns into a 
nnetal paste for internal electrode ingredients fronn the organic solvent which used 
platinunn powder, cellulose systenn resin, and a terpineol as the principal 
connponent was used, and printing spreading was carried out on the cerannic 
green sheet of the sanne presentation as the above so that the electrode 
thickness after baking nnight be set to 5 nnicronneters. As shown in drawing 2 , 
after putting and sticking these green sheets by pressure, at the tennperature of 
1 100 degrees C, it applied for 2 hours, and calcinated, and the baking object was 
acquired. This baking object was processed into thickness I1+I2=10nnnn and an 
about [ cross-section wxw=15nnnnx15nnnn ] dinnension. The thickness II of a 
piezo-electric cerannic plate set thickness of 2.0 nnnn and the cerannic plate 12 to 
S.Onnnn here. The inner porosity cerannic section occupies the thickness of about 
3 nnnn. 

[0014] As shown in drawing 1 after an appropriate time, the silver paste which 
consists of an organic solvent which uses glass powder, cellulose system resin, 
and a terpineol as a principal component was applied to the front face of the 
piezo-electric ceramic plate 1 as an external electrode 3 in the end of silver dust, 
and at the temperature of 650 degrees C, it held for 10 minutes and was able to 
be burned. And 2kV [/mm ] direct-current electric field were impressed for 10 
minutes between the electrode lead terminal 5 and 5', and the piezo-electric 
ceramic plate 1 was polarized. Impress the letter electrical-potential-difference 
pulse of a spike of 20V, it was made to generate between the electrode lead 
terminal 5 and 5', and the ultrasonic pulse emitted this underwater. And the 



ultrasonic pulse emitted underwater was detected by the hydrophone. 
[0015] The measurement result of a time amount wave of the ultrasonic pulse 
underwater emitted from this transducer is shown in drawing 3 . An axis of 
ordinate is the output voltage of a hydrophone, and this is an amount proportional 
to the amplitude of an ultrasonic pulse. At this time, the time difference tau with 
the ultrasonic pulse (b) underwater emitted after generating with the ultrasonic 
pulse (a) and rear face which were emitted to direct underwater from the front 
face of the piezo-electric ceramic plate 1 and spreading a piezo-electric ceramic 
plate is tau= 0.51. It was mus. And acoustic velocity in the electrostrictive 
ceramics used from the aforementioned (1) formula here v= 3950 m/s It is 
calculated. Moreover, the time amount phi for one wave of the ultrasonic pulse 
generated from drawing 3 to this piezo-electric ceramic plate 1 was 0.34 
microseconds. 

v=3950 m/s is used for phi= 0.34 microseconds from the result of preliminary 
experiment 1 so that the example 1 time difference tau may be set to tau=(2/4) 
phi, and it is the thickness II of a piezo-electric ceramic plate. It will be set to II 
=0.67 mm if it computes. Then, thickness 11 of a piezo-electric ceramic plate The 
ultrasonic transducer was produced by the same approach as preliminary 
experiment except preparing so that it may be set to 0.67mm. From this 
ultrasonic transducer, the time amount wave of the ultrasonic pulse when 
emitting an ultrasonic pulse underwater was shown in drawing 4 . It is completely 
superimposed on the electronegative section of two ultrasonic pulses so that 
clearly from drawing, and the magnitude of an electronegative pulse has doubled 
[ about ] at the same time the time amount width of face of a pulse is shortened. 
[0016] 

[Effect of the Invention] As mentioned above, the ultrasonic transducer obtained 

by this invention can offer the ultrasonic transducer which can improve the 
formation of a short pulse, and the distance resolution of the various ultrasonic 
devices which could carry out a high increase in power and used the ultrasonic 

echo method for this reason for the ultrasonic pulse to generate by low cost. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the side cross-section explanatory view of the ultrasonic 
transducer of this invention. 

[Drawing 2] It is the explanatory view having shown the manufacture approach by 
the green sheet of the ultrasonic transducer of this invention. 
[Drawing 3] It is a graph showing the time amount wave of the ultrasonic pulse 
underwater emitted from the ultrasonic transducer which set board thickness of a 
piezo-electric ceramic plate to 2.0mm. 

[Drawing 4] It is 0.67mm about the board thickness of an electrostrictive ceramics 
plate. It is a graph showing the time amount wave of the ultrasonic pulse 
underwater emitted from the ultrasonic transducer of this invention carried out. 
[Drawing 5] It is the side cross-section explanatory view showing an example of 
the structure of the conventional ultrasonic transducer. 
[Drawing 6] It is a graph showing the time amount wave of the ultrasonic pulse 
emitted from the ultrasonic transducer which has the structure of drawing 5 . 
[Drawing 7] When the board thickness of a piezo-electric ceramic plate is thicker 
than this invention, it is a graph showing the time amount wave of the ultrasonic 



pulse emitted from the ultrasonic transducer. 
[Description of Notations] 

(a) The time amount wave of the ultrasonic pulse directly emitted to the sound 
medium from the side front principal plane 

(b) The time amount wave of the ultrasonic pulse emitted into the sound medium 
from the side front principal plane after generating in the background principal 
plane and spreading a piezo-electric ceramic plate 

11 Thickness of the piezo-electric ceramic plate after baking 

12 Thickness of the ceramic plate after baking (it does not polarize) 
w Width of face of the ultrasonic transducer after baking 

P The direction of polarization 

1 Piezo-electric Ceramic Plate 

2 Ceramic Plate in which Value of the Same Acoustic Impedance as Piezo- 
electric Ceramic Plate 1 is Shown 

3 External Electrode 

4 Internal Electrode 

5 5' Electrode lead terminal 

6 Backing Material 

7 Adhesives Layer 

1 1 Green Sheet of Piezoelectric Ceramics 

1 2 The Same as that of 1 1 , or Green Sheet of Ceramics of Similar Presentation 

13 Green Sheet of Ceramics of the Same Presentation as 12 Which Prepared 
Many through Tubes 

14 Metal Paste Printed on Green Sheet of Ceramics 

15 Green Sheet of Ceramics of the Same Presentation as 12 Which Printed 
Metal Paste 
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[Drawing 5] 
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[Drawing 7] 
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«M(fi»^Jii8) SrfflV^TIiliDWt^j^fx. ^^l>Z^cr> 
^k^><z\iT ivy A h t ^ y^^'XT-ym^coM-^mfj^^ 
©#fflo^s- .y ^y^fmi i)W^^itX v» I. „ la 6 {4 

m-«r 9 S >y 1 cr,mmyb^^^mi^Xh^7iifpl>zmi 
m^Vl'XiiM'^^JVl'Xmm^LXiiK) . ffi«-lr^S -y 

[0004] 

■^cT) — pii^ b5>'X-rA— *fSrffij3!ct--g>J±m-fe7S -y 
7 5 'y ^'^2 t*^'>Ii-l^><^-fe 5 5 'y ^' X i: ii^s-f yb° 

-^yxcD±mi,zm^^^^m(^mmmt:muxm'^^ 

tiX \-^hfz^Xf,h. m-k. J±«-fe7 5 vi?«T-^^L 

[0005] iiz.<7)iiH{4. j±«-fe7 s -/^m.<^^mx 
mmmmzmt^ii^^ vkx^T-i*rais>oi^ 

t § , *^H3{4ffi«-fe 5 S -y :^ ^ 1 i: 
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[0006] 

cOl^Mj^comm (0) fc>prLT (1/4) 0^rg 

-rs^WMh ^>'X7^i— y-^si-t-r^ ijco-c^^ » 

tiTIB ( 1 ) ji;r= li/v ( 1 ) <0M«;6^Jx£ 

4>i,±mwwvi'Xc7mm&m(^yMmiz^ d#j±«« 
[0007] ±tz. :^wm. mimm^ziiux. j±s 

[0008] 

immmm<^mm^ i::iTi>z^mmm^m. v ^ 
:2.-^^z-:>\-^xmmz%w^-th. ^smmnmAt lx 

ti. mwMtmm^x^m^ yi::-i^'yxi^^^mi±. 
-b 7 5 ^ X . ^mmn-h'-^mmh s 

[0009] JilTEm^OW^^: LX. EWtt-fe^ S -y 

9MX\ 2{iffitt'lr9S-y^«li:|S|«^r«#-<>'fcr- 
^■>X ^^-r -i. -fe 7 S V i^' i^-C* » ^ LTl i: 2 tiS 



4i:i]-LxtmmmLX'm^^tix^^^. ^tnzx*)m 
tifc^mmmm i^i-mmm) x\ 5{i^^^:^l»^>Koals 

[0 0 10] .Z:iX\ <It^)-fe5 = -y^7S2ii. i^gpfl:® 

(?m^m&4: t cr>m-^m<^)KmMi,z(&^m^< -y ^ yi^'M 

^ m^-t h'&miits:\'-^tiK h ^ >- X f'" J- — +^ oKit ^ 

<nmM.^ZWi\^^ixX\^h . ■^z^S.-y^XcD^^ U—yzy— 

Lfzh<o^m^mi^xs.mL. ztL^m&'t ^:tjmxm 
^-ty^-y^mm^^^'o-yi^-hifm-t^jM. 

yxi'A—^b^i>^dm^mi3i. mmLxmmi^t-t 

is. ffim-fe ^ 5 'y 1 {iffifl:ttSr^-r*Iji£cO-b^ 5 -y 

ffi-r-s. ^ t X'%hixh o j±«-fe9 s >y 1 i: mm:^ 

*>f yt°-^->-x$r^-r-l>-fe7 5 ■y^'«2ii, M/.{i\ 

5 -y ^'M 1 i: nmkt.tz\,m.UcoMcr)S.n/& 
^WrtMcn^ y S -y :?r7]'*:^)^'J>^-&^"'U b . 

5 -y ^«^5|5:ib»^>^l.:^'■■U- 
«^'^»-f > t-^^'->xsr*-rs i.c^ixh^ . cw-t^ 

5 >y ^M2 gESrm«i:-ri. icti-fe^ 5 'y ^'^2 Sr 
ffM-t hi^'^)~yiy~VC0d-h^^V.h-t^%m':^cr)^ 

')~yi^~ V h Lx^m.co^m.i<z^mcoMmi^^-th 
-^-i/- b ^\>zmmk><zmmi^thx a ^rffinib'-x- 
[001 1 ] mzm2 ^mv^x^%m<r)mm.'k^-t^ v 

yyx'r:t-~^(r>m^-1sm\<z-:>\^XW<^h. H^"! lii 
KW&^^'^im.<^:>-^yi-y^f:^-Mi3-^h^£hi^'^J-yi^ 

~VX'^^. 1 2 {4 1 1 a it {4^(KOfflfi!c<50-fe y 
^-/^m^i)^h-^j:hy'^)~yi^-hXh^ . t. tzl 5{j: 
1 2 i; |SI t bitCrtgEmffi^J^I^-rS^M 

^— X M 4 yO^'EPf iJMfljSixT V ^ I, / 1; — y i^— b 
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[ 0 0 1 2 ] ^-io. ^'hSP«ffia-^<7)ffia^o^ri£t: i 0 

J^J^-r^ ^ i: *^'-C-# ^-i^ffi^tt^^-t-tr 9 S >/ 
Sr*-r h ^ >-Xy^\x— r tiimSi^^ 5 h 5 ' i: torsT 

'y^^/^m.lcn>^m-h'i^W&im^ti^hcr> (a) 

mc^mmzh^. ±i-z (b) {± (a) iojim-fe^s^y^' 

XOll^^;S^>OBtra0t:*fLT (1/4) q!.grg (3 

/'4) «{.h^cl. J; atJE«-fe^5 >y^iKliOii;;^«.*Pi^ 
LTV^-g)/SA6. Sl4t^$ttfcj;dt: (a) cryj^VXCO 

7 S -y M 1 J; t^" i: |5l«|;&^#-^ y f - 
[00 1 33 

[SIMM] <^MII»>ff«tt^S^-r«f4t:r{iO. 5Pb(Ni 

i/3Nb2/3)03 ■ 0.5Pb(Zr(,.7Tio.3)03 tOffij5S;;^^A>^r^-fe 
9S>y:^«)'*S:ffifflL5to .rc7)-fe^S >y:;'^^5fel 0 OS 



-f>'i?''f*IE^LT-fe^S>y^^ y-:yi^-hi:L/::„ 

X h I- {i a . -fe ;b n -x^ 

I. J; 0 ±ie |B]-iajiSto-t2 7 s -y i?' J?'" y - y b ±t 

EpgiM^P L o ^ixt:>'/^)—>'^—V^m2i<z^-tX d 
l>zm^Mi^^SMLfzco-h. 110 0'C<?)iaK-C-2B§^ffl:<)^ 
ft^BKL. ^B!c#;^f#7t. itO:^)S*^J¥§li+l2 = l 0 
nun, BfHwXw=15iBmX15mmgJKO^St:JniL/::. -li 
T-Em-fe5 5>y^iR<7)J¥§li(i2.0 nua. -fe^S v:^iKl2 

[0014] t*^-&f*. El 1 I^Z^-tX 0 tCffitt-fe^ 5 -y 

^M*^^>^^iB^-X b ^m^LX 6 5 OrojaSf 1 

5'(7)rafc2KV/nijnO[ti^«^Sr 1 O^WPJDLTjim 
•fe ^ 5 >y ^' S 1 Sr^ffi Lvt . VVX\i.W& U — b 

il^^5. 5'cO^^^2 0V^0Xy^M^'^^:mE^^°;^X&E^I 

[0 0 15] m3</ZU^<7)h'7yx.'fjL~iri)^(:>A<.'pi,z 

^'^/ux<7^mmi>zhmLfcm.X'h^ . ^cot^. jEEm-fe^ 

5 -y 1 cr>mmi}^^w.i^y\<.'p^zmiti^ttt:m^wvu 

X (a) hKfflt-^Lffitt-fe^S -yi^K^fEffitJ^cf* 

7i<4't3MtSti-fcS^iavNVl^x (b) bcr.mm^rliv 
=0.51 jusXh-ofz, -tLxmi ( 1 ) C^IT 
ffiffltJtJim-t^S -y ^XcftOH^jKi: v= 3950iii/s tit 

X'h -o fz , 

mmm i 

i^ra^rj&ir= (2/4) <}> ttch ko^mmmi(^m^ 

-b^^. 4>=031juLs^ v=3950 m/s^fflV^Tj±m-fe7 5 'y 

i5'iK<7)J¥§li ^%\^-t^th =0.67 mmt^ri,. 

T\ J±«-fe y^'y9 KoU^l , 3{)>'0. 67mmi; 1> i 3 IRI 

m-t^m\-ii. fmmMtnmKi::Hmxmw^kv^yx 
mmm^im4 iz^L fz. m^^i^mhi}^^j:Xoiz--:>cr, 

2{^t,Z^-oX^^^. 
[00 16] 
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[01] ^wmmMW. v^yx^zL ~^(r>mmmm 

[02] 2|s;^BH(7)^^}Sh^i^xf A— 

[03 ] J±^-fe^ a v:7iKc7)Mlf:^2.0iiuni: \^fd&m 

[04 ] M-t^ S ^ :^McoW¥i0.67tim t Ltz 

[06] m3<7)mm.^M-t^mmm.vyyxr:2.—^ 

[07] j±«-ir y^^y^ m.<^wM-b'^^%mi: ^m^-^^ 
(Dmmmm^mLfz^yyx'hh. 



fzm. mm^m^ K)^mmi^^i>zmm^titzm=^wv\^ 

1 1 mmkc^SMiz yi-/9 m.<n9^ $ 

P Mc:>ii\^ 

1 SM^y5.'y^m. 

^Offi^^'^'-fe 7 ^ V M 

3 ^'hSP^ffi 

4 ^wmm 

5,5' mffiU-Ki^^ 

6 >s'-ydfy^'W 

7 if*lFJil 

12 11 tn—t.tz\tmwm.<^'^y^y^:^cr)^^) 
~yi^~V 

1 3 ^m.(7)mm^i^m.mz i2tn tsa^o-ir ^ s 

14 ■^y^^y'^:^cr>^^J~y>'~h±.i,zB^W\^ixtz-^ 
1 5 ^M'^.— b epffl Ltz\2tn tffij^co-fe 9 5 
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4C301 EE03 GB33 GB36 
4C601 EEOl GB41 GB42 GB44 
5D019 AA13 BB02 BB14 BB25 FFOl 
FF02 FF03 GG02 



